Context: The use of predictive equations in hospital settings lacking access to dual energy X-ray absorptiometry or bioelectrical impedance analysis (BIA) can be beneficial because cachexia, muscle wasting and related increase in morbidity and mortality are known occurrences in patients with chronic obstructive pulmonary disease (COPD). Aim: To analyse the predictive performance of reported equations for fat-free mass (FFM) prediction against BIA-derived FFM in patients with stable COPD. Design/Materials and Methods: Seventy-two male patients aged between 40 and 75 years with stable COPD were evaluated for FFM by BIA. FFM was also predicted for the same patients using equations reported by Kulkarni et al., Solomon Yu et al., Janmahasatian et al., as well as Deurenberg equation. Statistical Analysis Used: The predictive performance was assessed by Bland-Altman plots, with subsequent calculations of bias, precision and accuracy. The performance was also analysed across the age and body mass index sub-groups. Results: The mean differences (95% confidence intervals) in the prediction of FFM using equations by Kulkarni et al. 
INTRODUCTION
Chronic obstructive pulmonary disease (COPD) is a progressive respiratory disease characterised by persistent airway obstruction and inflammation. COPD is the fourth leading cause of death in the world with 3.2 million deaths globally in the year 2015.
[1] The systemic manifestations of COPD, important from a nutritional perspective, are weight loss, cachexia and muscle wasting or the loss of fat-free mass (FFM). [2] FFM is a compartment of the body based on the two-compartment model and comprises of water, protein, minerals and glycogen, with the other compartment being fat mass. The techniques in body composition analysis allow for a non-invasive approach to assess and understand the body compartments and changes occurring in them because of normal life processes, disease conditions or an intervention. [3] Recent research indicates fat-free mass index obtained from the measurement of FFM as a better indicator of nutritional status in COPD patients. The major proportion of the weight lost in these patients is found to be FFM; thus, FFM measurement is a better indicator of nutritional depletion than body mass index (BMI) alone. Studies report patients having COPD with low FFM and normal BMI. [4, 5] FFM is also considered to be an independent predictor of mortality with negative consequences on the progression of the disease, exercise capacity and the quality of life of patients with COPD. [6, 7] The measurement of FFM by the dual energy X-ray absorptiometry is accepted to be the gold standard for body composition analysis in these patients. [8] The other commonly used methods for analysing body composition in research are computerised actual tomography, magnetic resonance imaging and bioelectrical impedance analysis (BIA). Majority of these methods are complex, require extensive labour, are costly and are not frequently available for use in clinical/nutritional practice. [9] BIA is relatively easy to practice and less expensive. In addition, the use of BIA for the determination of body composition has been validated. [4, 10] The evaluation of body composition based on anthropometric measures such as height, weight, skinfold thickness at various sites and/or the measurement of the arm, abdomen and calf circumference is a common practice in resource-limited settings. Such a practice involves the use of statistically validated prediction equations in comparison to standard assessment methods. [9] Limited research is available on the validation of the use of predictive equations to estimate FFM in patients with COPD.
Considering the usefulness of the measurement of FFM in clinical settings lacking standardised equipment for FFM analysis, this study aims to assess the predictive performance of four FFM predicting equations using anthropometric variables against FFM derived by BIA using appropriate statistical methods.
MATERIALS AND METHODS

Subjects
A total of 72 patients with stable COPD visiting the outpatient department of Pulmonology at JSS Multispeciality Hospital, Mysuru were selected consecutively for the study. Patients aged between 40 and 75 years without exacerbation of COPD, infection, evident oedema, heart disease, diabetes mellitus, renal failure and malignancy were included for the study after obtaining their informed consent. The pulmonary function was evaluated by spirometry (Easy one Pro LAB), and the staging of COPD was performed as per the global initiative for chronic obstructive lung disease classification. [11] Height was measured using a stadiometer to the nearest 0.1 cm, and weight was measured with the patients wearing light clothes. BMI was derived from the same.
Estimation of fat-free mass of patients by bioelectrical impedance analysis
The patients were analysed for FFM in a fasting state (or at least 4 h after a meal), with the patients lying in supine position for 10 min on a non-conducting surface with the legs slightly separated and the arms slightly away from the trunk. Surface electrodes were placed on the dorsal surfaces of the hand and foot proximal to the metacarpal phalangeal and metatarsal phalangeal joints, respectively. In addition, surface electrodes were also placed at the pisiform prominence of the wrist and between the medial and lateral malleoli of the ankle. [12] The analyses were performed using a 'Bioscan 916' analyser (50 kHz single frequency, Maltron International Ltd, UK).
Estimation of fat-free mass by prediction equations
The age of the patients in the study group ranged between 40 and 75 years. Because there are no reported predictive equations for predicting FFM specifically for this age group (with COPD), four predictive equations were selected for validation keeping in mind the age range of the study group (40-75 years). The selected equations were developed in patients from both gender aged between 18 and 82 years. Among the four equations, three equations predicted FFM while the Deurenberg equation estimated fat mass (in %). This was further converted to kilograms of fat mass and subtracted from the total body weight to obtain FFM values.
The four prediction equations chosen for analysis are as follows:
(1) Kulkarni et al. [13] Lean mass ðkgÞ ¼ −15:605−ð0:032 Â age in yearsÞ þð0:192 Â height in cmÞ þð0:502 Â weight in kgÞ (2) Solomon Yu et al. [14] Lean body mass ðkgÞ ¼ 22:93 þ 0:68 ðweight in kgÞ −1:14ðBMIÞ−0:01 ðage in yearsÞ þ9:94 ðif maleÞ (3) Janmahasatian equation [15] Fat À free mass ðkgÞ male ¼ ð9270 Â weightÞ= f6680 þ ð216 Â BMI in kg=m 2 Þg (4) Deurenberg equation [16] Body fat ð%Þ ¼ ð1:2 Â BMI in kg=m 2 Þ þð0:23 Â age in yearsÞ
Statistical analyses
The demographic data of the study population were expressed as mean and standard deviation (SD) or number and percentage, as appropriate. The Bland and Altman plot analysis was performed for the evaluation of the agreement between the predicted FFM and FFM by BIA, which involves the study of mean differences and establishes a limit of agreement into which 95% of the differences fall. The limits of agreement were defined as the difference between FFM values from each one of the selected predictive equations and FFM by BIA ± 1.96 s. The normality of distribution was assessed by Shapiro-Wilk test. [17] The bias, precision and accuracy of the predictive equations were calculated for assessing the performance of the equations considering FFM values from BIA as standard with 95% confidence intervals. The bias was measured in terms of mean error, which is also known as 'mean difference', meaning the average of all the differences between FFM values by predictive equations and FFM by BIA. The 95% confidence interval (CI) of the mean difference was calculated to analyse the precision of the systematic difference. The bias was considered to be insignificant when the line of equality was within this interval. The line of equality being outside these limits indicate constant over/underestimation compared to the standard measurement. [17, 18] The accuracy was defined in terms of the root mean square error (RMSE), which is the square root of the mean squared differences. [19] The performance of the predictive equations was analysed on all the samples as a whole and after categorising them into sub-groups on the basis of BMI and age. The patients were categorised based on the BMI classification recommended for use among the South Asian population. [20] All the statistical tests were performed using the Statistical Package for the Social Sciences version 19.0 software for Windows (SPSS Inc., Chicago, IL, United States).
RESULTS
Characteristics of the subjects
The age, anthropometric measures and pulmonary function of the patients involved in the study are presented in Predictive performance of the equations 
Performance across body mass index sub-groups
The performance of the equations across different BMI sub-groups is presented in Performance across sub-groups classified according to the age
The performance of the equations across different age groups is presented in Table 4 . The Deurenberg equation had the best performance in the age group of 40-49 years as BMI = body mass index, FFM = fat-free mass in kg, RMSE = root mean square error, BIA = bioelectrical impedance analysis, CI = confidence intervals. 
DISCUSSION
The objective of this study was to analyse the performance of prediction equations in predicting the FFM considering FFM estimated by BIA as standard in patients with COPD, which is of importance in the assessment of nutritional status and the provision of nutrition therapy.
In . The study by Yu et al. included 52 Caucasians of both genders with normal health for the derivation of the equation. The equations derived were validated further in a cohort of 2287 people aged more than 50 years. The mean age was 50.6 ± 15.7 years in the base group, and the mean BMI of the participants was 23.7 ± 2.3 kg/m 2 . The validation group included participants aged above 80 years and a higher proportion of patients who were overweight and obese as compared to our study group. The Janmahasatian equation was derived from 373 healthy participants aged between 18 and 82 years, with BMI ranging from 17.1 to 69.9 kg/m 2 . Among these, 71% of the patients had BMI above 25 kg/m 2 indicating majority of the participants to be overweight or obese as compared to 25% of participants who were overweight and obese in our study. The Deurenberg equation was derived separately for children and adults from a group of 1229 healthy participants from Netherlands comprising both genders, aged between 7 and 83 years and having a BMI ranging between 13.9 and 40.9 kg/m 2 . The participants in the study by Kulkarni et al. and Deurenberg et al. had a wider age range and a higher degree of patients who were obese as compared to our study group. It is interesting to note that the Deurenberg equation, originally derived from the Dutch population, performed well on the participants in our study hailing from South The pattern of over-or underestimation observed in the prediction of FFM by these equations may arise from differences in the population race, demographic characteristics such as age and BMI clinical status among the study groups. The proportion of malnourished to normally nourished patients in the study groups and the difference in BMI classification norms applied could also be the reason for the alteration in performances (BMI classification norms for the south Asian population used in our study group vs. the general classification norms in the reference study groups). Although the Deurenberg equation and the equation by Kulkarni et al. performed well overall, the performance among sub-groups is inconsistent. Considering the need for accuracy in determining the FFM of a specific patient undergoing assessment in a clinical setting, the predictive performance across various age and BMI groups is necessary besides the overall performance in a heterogeneous population with respect to the nutritional status and age.
To our knowledge, this is the first study evaluating the performance of the selected predictive equations in South Indian patients with COPD for predicting FFM. The Deurenberg equation is used to predict fat mass routinely in clinical practice, and the performance of the same has been evaluated in comparison with equations derived from Indian participants. [21, 22] However, studies using Deurenberg equation to derive FFM from fat mass values are not reported. The limitations of the study include the absence of female patients in the study group and insufficient sample size in the sub-groups. The application of the validated equations in other population groups across the country may require further validation.
CONCLUSION
In summary, the equation by Kulkarni et al. and the Deurenberg equation can be useful in a clinical setting lacking advanced and specific equipment for FFM analysis such as BIA. Although these equations provide agreeable performance as evidenced by lower bias, better precision and accuracy on a whole, inconsistency in performance is evident across specific age and BMI sub-groups. The equation by Kulkarni et al. provides agreeable performance in patients aged between 50 and 69 years, and the Deurenberg equation can predict FFM accurately in patients aged between 40-49 years and 60-75 years. The performance of these two equations is agreeable in the patients who are underweight and those with normal BMI. The performance across overweight and obese groups requires further validation because of the lack of sufficient sample size. This study supports the assessment of body composition as a simple marker of nutrition depletion and disease severity in COPD staging. statistical analysis. We also appreciate the willingness of the volunteers to participate in this study.
Financial support and sponsorship
We are grateful to the University Grants Commission − Special Assistance Program − Phase II from the Department of Science & Technology, Ministry of Science & Technology, India for funding the current study.
